An experiment was conducted to study the effect of integrated use of inorganic fertilizers (S and Zn coupled with recommended doses of NPK) in conjunction with organic manure (FYM) on availability of different macro and micro elements including organic carbon in a hilly soil of Meghalaya, India. Two Field trials were conducted consecutively for 2 years (2013-14 and 2014-15) 
results. Regardless of treatments, organic C content enhanced with increment in the age of rice crop. Among the treatment combinations, significantly higher amount of exchangeable NH 4 + , soluble NO 3 -, available P 2 O 5 and K 2 O is accumulated in the soil which received recommended doses of N, P and K along with FYM at 10 tonnes ha -1 as well as 40 kg S ha -1 and 5 kg Zn ha -1 (T 8 ). Results further pointed out that balanced fertilization increased the availability of nutrients (particularly N, P and K) which maintained throughout the cropping season of rice. However, SO 4
INTRODUCTION
Rice is the main food crop of the state of Meghalaya which accounts for about 60% of the cultivable area. But the state productivity is still quite low (below 2.0 t ha -1 ) compared to the overall Indian average productivity (2.85 t ha Sulphur (S) is involved in some amino acid synthesis, enzymatic activities in plants. It is important for chlorophyll formation and nitrogen metabolism. Zinc activates some enzymes for the synthesis of certain proteins. It plays an essential role in DNA transcription and starch to sugar conversion. It also helps plants to withstand very low temperatures. It has been reported by a number of workers [2] [3] , that some of the plant nutrients (especially S and Zn) are becoming deficient in hilly regions of Indian soils. To overcome that lack of S and Zn (including other nutrients), integrated and balanced application of these nutrients through fertilizer materials are required beside appropriate amount of organic manures which in turn will not only enhance fertility status of the soil but will also increase the yield and quality parameters of crops [4] [5] .
The present investigation was, therefore, carried out to study the changes in different available nutrients including organic carbon in soil treated with different combinations of S and Zn as well as recommended doses of inorganic and organic fertilizers using rice as a test crop.
MATERIALS AND METHODS
Field experiments with rice were conducted successively for two years (2013-14 and 2014-15) in a farmer ' s field situated at Nongpoh in RiBhoi district of Meghalaya. Nongpoh is located at 25.90° N latitude and 91.77° E longitude. It has an average elevation of 485 metres The field was generally cultivated with rice crop.
Composite soil sample (0-15 cm depth) was collected from the experimental field before the start of experiment. The collected soil sample was air-dried, ground and passed through 0.5 mm sieve. Then the soil sample was analysed for different physical, chemical and physicochemical properties and the results are presented in Table 1 . The field experiments were conducted following simple Randomized Block Design. Rice variety Arize-6444 was selected for the experimentation purpose. The plot size was 4m x 2m. Spacing of 25 cm x 25 cm was maintained. 30 days old rice seedlings were transplanted in line sowing with three plants hill DTPA extraction and atomic absorption spectrophotometer [15] FYM was applied during land preparation which corresponds to 25 th day before the transplanting. Full dose of P and K and half dose of N fertilizers were incorporated as basal application. The rest half of N was applied in two split doses at tillering and flowering stages of the crop. S and Zn were applied as basal along with N, P and K fertilizers. 
RESULTS AND DISCUSSION

Changes in the Oxidizable Organic Carbon Content
Results revealed that, irrespective of treatments and years of experimentation, organic carbon content was increased with the duration of crop growth ( Table 2 ). The increment in organic carbon content with time is due to slow decomposition of organic manure i.e. FYM. Maximum quantity of organic carbon was accumulated in T 8 treatment. Comparatively larger amount of organic carbon was noticed in the 2 nd year of experimentation. Continuous application of fertilizer nutrients in conjunction with FYM markedly enhanced the soil organic carbon from 0.93 to 1.68%. The results further pointed out that addition of sulphur and Zn along with recommended doses of N, P and K coupled with FYM increased organic carbon content in soil. Some researchers [16] [17] also reported earlier that organic carbon in soil was improved with the application of N, P, K and FYM. Statistical analysis revealed that T 8 treatment is highly significant in comparison to control. It is noteworthy to mention that addition of 10 kg ha
Zn has failed to enrich organic carbon content to higher order in soil. The decline in exchangeable NH 4 + with duration of crop growth in the 1 st year is due to its utilization by the growing crop [18] as well as conversion to NO 3 -form of N [19] and loss through volatilization process [20] . Same explanation can be furnished for the observed decrease in exchangeable NH 4 + up to flowering stage of rice in the 2 nd year of experiment (Table  3 ). The escalation of exchangeable NH 4 + at harvest particularly in the FYM treated plots is due to the mineralisation of FYM and accumulation of exchangeable NH 4 + in soils after meeting the crop requirement (Kanaujia, 2016) [18] . Increment of exchangeable NH 4 + at harvest was more in the plots which have received both S and Zn accompanied with recommended doses of N, P, K and FYM. Balanced fertilization encouraged micro-organisms to proliferate [21] and in turn intensified exchangeable NH 4 + content in these treated plots.
Changes in the Exchangeable
Statistical analysis of the data revealed that treatment T 8 is highly significant with respect to control in terms of exchangeable NH 4 + build-up over the whole period of crop growth. Thus, it is clear from the results ( Table 3) 
Changes in the Soluble No 3 -Content
Results further showed that, soluble NO 3 -tended to decrease in both the years over the whole growing period of rice (Table 4) by nitrifying bacteria whose proliferation and activities were at the peak under balanced fertilization system. The present finding is at par with earlier work carried out by Balasubramanian and Palaniappan (1991) [22] . Closer examination of the data in Table 4 further revealed that the reduction in NO 3 --N over the whole cropping season of rice is around 10 kg ha -1 in T 8 treatment whereas, the depletion in NO 3 --N is more marked in other treatment combinations adopted in the experiment. The decrease in NO 3 --N is due to its utilization by the growing rice crop. However, the accumulation of NO 3 --N is highest in T 8 treatment due to balanced nutrition.
Changes in the Available P 2 O 5 Content
Results in Table 5 revealed that heedless of the treatments and years of experimentation, available P 2 O 5 decreased with increase in the period of crop growth of rice. The depletion in available P over the cropping season is due to its utilization by the growing crop [23] as well as its fixation or retention by the soil constituents [24] . Comparatively higher amount of available P is remained in soil system after the harvest which received S at 40 kg ha -1 and Zn at 10 kg ha -1 in addition to FYM at 5 tonnes ha -1 as well as recommended doses of N, P and K fertilizers. Statistical analysis of the results in Table 5 also revealed that significantly higher amount of available P is retained in soil which received both S and Zn accompanied by recommended doses of N, P and K as well as FYM over that of control plots. The elevation in available P in FYM treated systems is due to transformation of organic P to inorganic forms by the organic acids [25] . The present results corroborate with the earlier works carried out by Yaduvanshi [24] and Tadesse et al. [26] . The results clearly pointed out that balanced fertilization with macro and micro nutrients intensifies the available P content in soil [27] .
Changes in the Available K 2 O Content
More or less similar trend of results is observed for available K 2 O (Table 6) as was found for available P (Table 5) in soil. The effect of treatment was also same on available K content as that of available P in soil. The decrease in available K with increase in the period of crop growth is due to its utilization by rice. Addition of FYM enriched the K content in soil over that of control. The build-up of available K due to FYM addition might be due to additional K applied through it. Similar findings were earlier reported by Wahlang et al. [25] and Kanaujia [17] .
Changes in the Available S Content
Results in Table 7 pointed out that, available S reduced with period of time. This decrease in available S is due to its utilization by the growing rice plants. Furthermore, highest amount of available S was observed in T 8 treatment like that of available N and K. Addition of S at 40 kg ha -1 successively for two years resulted in accumulation of highest amount of available S in this treatment. Perusal of data in Table 7 further revealed that addition of FYM increased S content in soil over that of control. Mineralization of organic S present in FYM also encouraged the build-up of available S pool in FYM treated plots. Thus, it may be said that application of recommended dose of N, P and K along with FYM improves fertility status of soils [28] and addition of S further accentuates available S [29] .
Changes in the DTPA-Extractable Zn Content
No drastic variation in Zn content in soil was observed throughout the growing period of rice (Table 8) . However, irrespective of treatments, DTPA-extractable Zn was decreased with the period of crop growth in both the years of experiments. Perusal of the data in Table 8 further revealed that addition of FYM enriched the DTPA-extractable Zn content in soil. This is due to the production of organic acids through decomposition of FYM which in turn increased the availability of Zn in soils [30] . Highest amount of DTPA-extractable Zn was remained in soil which received recommended doses of N, P and K accompanied with FYM as well as S at 40 kg ha ) failed to enhance DTPA-extractable Zn to higher order in soil. This is perhaps due to fixation of Zn with organic compounds produced during decomposition of FYM [31] . Statistical analysis of the results revealed that all the treatments differ significantly with respect to accumulation of DTPAextractable Zn in soil. Results further showed that significantly larger amount of available Zn was maintained in T 8 treatment. It could be concluded that continuous application of mineral 
